Abstract. Gait pattern planning of the Lower Limb rehabilitation robot, which is the key point of the efficient of rehabilitation. In our work, the walking motion was captured with a webcam using passive markers, and the joint data captured was curve fitted by the Fast Fourier Transform function. For generating the joint angle waveforms of the lower limb during walking, we introduced a method for gait pattern planning. The Generalized Regression Neural Network (GRNN) was applied to predict the Fourier coefficient vectors for a specific subject in this method. After the trained GRNN the Gait Pattern Predicted Model (GPPM) was built. In the end, the quality of the Gait Pattern Predicted Model (GPPM) was examined. The results show that the constructed waveforms closely match the actual waveforms based on the assessment parameter outcomes. From the experiment results, it can be demonstrated that this method is effective.
Introduction
With the aged society, the paralysis of the lower limbs caused by the spinal cord injury (SCI) and stroke is the common diseases in elderly people [1] [2] . The conventional manual therapy is conducted by the professional therapists, but the rehabilitation effect relies on therapist's experience and it also requires high-intensity and repetitive training [3] . The disabled and other movement disorders increased quickly, which leads to the lack of professional therapists [4] . So the robot-assisted rehabilitation and therapy has been developed to solve the above problems.
To improve the treatment effects, and the natural gait of healthy people should be built [5] . The most common strategy for rehabilitation is based on normative movements, which is designed by the models of normative trajectories [6] [7] , The trajectories were recorded from unimpaired volunteers [8] . The method was commonly used in the early passive rehabilitation training. In the late period of recovery treatment, the gait disorders should be trained and assisted by the rehabilitation robot. Gait disorders walking independently, but the pathological factors should be corrected by the assisted robot. During this period, real-time planning of the actual gait parameters is required. For receiving this purpose, Gait Pattern Predicted Model (GPPM) should be built in advance.
The gait pattern is not only decided by kinematics' characteristics of human physiological mechanism, but also influenced by some other factors such as age, gender, etc. To derive the theory of natural gait pattern is difficultly, because of its generation is relatively complex. So in some researches, the method of experimental analysis was used in gait pattern. The normal walking joint angle data was captured by the technology of video capturing and image processing [9] [10] . Luu. T P et al. has respectively predicted the gait pattern by multilayer perceptron neural network (MLP) and Generalized Regression Neural Network (GRNN) using the experiment data [11] [12] [13] . Daachi et al. has put forward a method to control the exoskeleton for rehabilitation training using RBF neural network [14] .
Because of the gait pattern was influenced by the two key factors: Stride Length (SL) and Gait Speed (GS) [15] , so the volunteer walking at different Stride Length (SL) and Gait Speed (GS), meanwhile the walking process was recorded by the technology of video acquisition and the lower limb joint angle was extracted by the image processing in our work, and finally the joint angle data was curve fitted by Fast Fourier Transform (FFT) function. Generalized Regression Neural Networks (GRNNs) were applied to predict Fourier coefficient vectors from the given gait parameters (Stride Length (SL) and Gait Speed (GS)). The Fourier coefficient vectors were defined as input vectors of neural network in training set and the Stride Length (SL) and Gait Speed (GS) were defined as the target vectors of neural network. The trained GRNN model was defined as Gait Pattern Prediction Model (GPPM) can predict any gait pattern, then the waveforms generated from Gait Pattern Prediction Model (GPPM) were compared to the actual waveforms using the image processing.
Experimentation
Body parameters of the volunteer are shown in Table 1 . Fig. 1 shows the position of passive markers of lower limb joint. Figure 1 . Position of the passive markers.
Experimental Setup
At first, the subject walking relaxed at one fixed Stride Length (SL) and Gait Speed (GS), and the joint passive markers of hip, knee, and ankle in the sagittal plane for the walk was recorded by a webcam. The subject walking at different Gait Speed (GS) and Stride Length (SL) per experiment.
Secondly, the gait cycle extracted from the recorded video, and then the frames extracted from it. In order to extract the joint coordinates of the passive markers, each frame of the video was image processed, and the image gray processing, median filtering, image binaryzation and edge detection are included in the main process of image processing. The results of the image processing are shown in Fig. 2 .
Thirdly, the lower limb hip and knee joint angles were calculated separately by Eq. 1 and Eq. 2. In our work, the reference zero degree of the joint angle is defined as the point of the state of stand up straight in the sagittal plane, the legs swinging forward defined as positive and on the contrary as negative. 
Whereby (xi , yi) is the joint coordinates of the passive markers and i is the joint index. The joint of hip, knee and ankle defined as numbers 1, 2, 3, respectively.
Fourth, hip and knee joint angles are calculated from the experiment data using image processing in MATLAB, and then the joint angle waveforms were curve fitted by the Fast Fourier Transform (FFT) function. The results show that the fifth-order Fourier series can perfectly satisfy our requirements. According to the above experimental setup, the actual gait pattern was built for the subject.
The gait trajectory of the volunteer extracted from the video frames is shown in Fig. 3 . To analysis the gait pattern easily, the process of overground walking was divided into three stages: start stage, intermediate stage and stop stage as shown in Fig. 3 . The start stage starts from lifting foot to the leg stand straight, the intermediate stage starts from the end of the first stage to the leg stand straight again and the stop stage start from the end of the second stage to stand still. Therefore, the process of walking can be depicted in piecewise function. We chose the intermediate stage as the research object for its periodicity. Now take one walk of the experiment data for example. Fig. 4 presents joint angle waveforms of hip and knee in the sagittal plane for the walk of subject curve fitted by the fifth-order Fast Fourier Transform (FFT) function. Fig. 4 shows that waveforms curve fitted perfectly, so the fifth-order Fast Fourier Transform (FFT) function was chosen in our work. Therefore, each joint angle waveform can be compressed, represented and reconstructed by Eq. 3 as follow: 
GPMM (GRNN)
The purpose of this work is to build any gait pattern for specific subject. The movement of the lower limb joint was described by the Fourier series and its waveform function was described by the Fourier coefficient vectors. In the above research, the Fourier coefficient vectors of every gait of the volunteer has been built. The gait predicted model was applied by the method of the GRNN which consists of a radial basis network layer and a special linear network layer [16] . GRNN can be trained with a high speed and a strong nonlinear mapping capability [17] . Therefore GRNN is often used as a powerful regression tool.
The connection power of the networks is studied and adjusted using the baekpropagation training algorithm (BP algorithm). Because of the Gaussian function is the common choice for the radial basis neurons, and so GRNN has the partial approaches capability. In addition, The advantages of GRNN are small number of tuning parameters and only one thresholding. The learning effects of GRNN is mainly depend on the collected sample data.
The function of GRNN was described as newgrnn(P,T, spread) in MATLAB, where P is matrix of input vectors of neural network in training set and T is the matrix of target vectors of neural network, and spread is the dispersion constant. Spread parameter should not be too big and too small. After many attempts in our work , 500 was chosen as the spread. The trained GRNN model named the Gait Pattern Prediction Model (GPPM) in this paper.
Demonstration
The Stride Length (SL), Gait Speed (GS) of experimental data of each walk as shown in table 2. walk-18, walk-19, walk-20 in table 2 were defined as the input test vectors of neural network and the other 17 walks were defined as the input vectors of neural network in training set. The target vector of neural network as depicted in table 3 and table 4 , The hip and knee Fourier coefficient vectors of the subjects is available in Table 3 and Table 4 , and the first 17 walks of Fourier coefficient vectors were defined as target vector of neural network, and the other three walks were chosen for a contrast experiment: we compared the actual joint angle waveforms of these three test walks with the joint angle waveforms predicted by the GPPM which can predict Fourier coefficient vectors of any gait pattern of the subject. To demonstrate the efficiency and accuracy of the model, comparison is made to examine the difference between the joint angle waveforms predicted by this model and the actual angle waveforms extracted from the image processing. It can be evaluated by using the following quantitative parameters:
Mean Absolute Deviation (MAD) ( )
whereby N is the number of frames in one gait cycle collected from the image processing, MAD is measured in degree and it determines how much the estimated angles are close to the actual angles.
∧ θ is the lower limb joint angle predicted by the GPPM, θ is the lower limb joint angle captured by the image processing.
Correlation coefficient ( ρ )
whereby j is the joint index, ∧ θ is the lowerlimb joint angle predicted by the GPPM, θ is the lower limb joint angle captured by the image processing. The mean and standard deviation of these parameters are calculated and shown in Table 5 . The results show that the correlation coefficient of hip joint are high (0.92-0.99) and knee joint are very high(0.97~0.99).The average value of MAD of hip joint are low (-0.84° ~ -0.55° ) and the knee joint are low(-1.90° ~ 0.71°). These results show that the GPPM has good predictability and can satisfy the prediction accuracy of gait pattern. The three test walks in Table 2 was separately defined as input test vectors of neural network, and comparison between the predicted results and the actual joint angle waveforms extracted by the image processing as shown in Fig. 5 -Fig. 7 . Fig. 6 and Fig. 7 show that the actual joint angle waveforms and the predicted joint angle waveforms have good accuracy and coincide with each other. Fig. 5 shows some deviation, but the predicted joint angle waveforms begins with zero degree and the trend consistent with the movement in practice, therefore the GPPM could compensate the sampling error in practice. 
Summary
The gait pattern planning plays irreplaceable role in robotic gait rehabilitation. In order to assist the gait disorders and correct the pathological factors in robotic gait rehabilitation, the precise gait pattern need real-time planning. In our work, the lower limb joint angle waveforms were expressed in the fifth-order Fourier series, and the GPPM of the subject was concluded from the trained GRNN and its efficiency and accuracy was demonstrated by the comparison experiment. Therefore any gait pattern planning to an individual-specific was achieved in our work. In order to realize any gait pattern planning to any body, experiment research should be continued based on this fundamental research.
